ABSTRACT: Information on the haul-out behaviour of pinnipeds is essential for increasing the accuracy of population estimates necessary for the effective conservation of protected species, as well as improving survey design. The haul-out behaviour of 10 harbour seals Phoca vitulina L. in southwest Ireland was examined using a novel telemetry system based on global systems for mobile communications technology. The data on the haul-out patterns of tagged individuals were examined using generalised additive modelling to determine potential factors of influence, such as the tide, the time of day and the time of year. The behaviour varied among seals, with time ashore reaching a maximum during post-moult in October and decreasing to a minimum in February. A strong tidal influence on haul-out behaviour was evident. Tagged seals hauled out more frequently at low tide. There was variation between individuals in the influence of time of day on haul-out behaviour. A cyclic pattern with lunar periodicity was evident in seals tagged in October, and the pattern varied between tidal periods. There was an overall large variation in patterns of behaviour over the tagging period, both between individuals and between tidal periods for each individual. This cautions against making inferences on the haul-out behaviour of the 'population' based on the behaviour of a small number of tagged individuals. The present study provides detailed information, heretofore unavailable, on the haul-out behaviour of individual harbour seals and on the behaviour of the species in Ireland, and it has important implications for population assessment for conservation purposes across the species' entire geographical range.
INTRODUCTION
The harbour seal Phoca vitulina L. is a widely distributed pinniped, inhabiting cold-temperate and temperate waters in the North Atlantic and North Pacific (Bigg 1981) . In Europe the harbour seal is listed as an Annex II species under the European Community's Habitats Directive (92/43/EEC), i.e. a protected species whose conservation requires the designation of special areas of conservation. Accurate assessment of population size, terrestrial and aquatic distribution and range is essential for the effective monitoring of the conservation status of the species. In some parts of the harbour seal's range, such information is lacking or incomplete. Recent efforts have addressed the shortfall in fundamental population data on the harbour seal in Ireland, including a national census to establish a minimum population estimate ) and local studies on year-round changes in the terrestrial distribution and abundance of harbour seals in southwest Ireland (Cronin 2007) . Such efforts, whilst providing fundamental baseline information on population size and distribution, fall short at enabling us to understand the environmental forcing on haul-out behaviour.
Estimates of population size are primarily derived from counting the numbers of individuals ashore at haul-out sites. However, counts of seals at terrestrial sites can only be considered minimum population estimates, as a fraction of the population will be at sea and unavailable to count. Minimum population estimates of seals, as opposed to abundance estimates, although sufficient for investigating population trends, are inadequate for conservation objectives, for example, in assessing the impact of by-catch or directed takes or in determining the predation pressures on fish stocks by a seal population. Information on harbour seal haul-out behaviour has been used to derive a correction factor to account for the missing element of the population during counts and to obtain a true abundance estimate (Yochem et al. 1987 , Thompson & Harwood 1990 , Ries et al. 1998 , Huber et al. 2001 , Sharples 2005 . Harbour seals haul-out behaviour has been shown to be influenced by extrinsic factors or 'covariates', including the time of year, time of day, tidal effects, disturbance and local weather (Stewart 1984 , Yochem et al. 1987 , Thompson et al. 1989 , 1994 , Thompson & Harwood 1990 , Thompson & Miller 1990 , Grellier et al. 1996 , Reder et al. 2003 . Understanding the effects of covariates on seal haul-out behaviour and therefore numbers at haul-out sites helps to enhance the design of surveys. Covariates can be factored into the statistical analyses to improve the accuracy of population and trend estimates (Frost et al. 1999 , Adkison et al. 2003 .
Prior to the present study there was a critical absence of information on the haul-out behaviour patterns of harbour seals in Ireland and the influence of environmental factors on this behaviour. Many studies have been undertaken addressing this point in other parts of the species' range; however, as it has been shown that behaviour varies temporally and spatially as does the relative importance of covariate effects on harbour seal haul-out behaviour, it is imperative to conduct such studies in Irish waters and not to assume that findings from other parts of the species' range are applicable locally. Our primary objectives, therefore, were to determine the activity patterns of harbour seals in southwestern Ireland and how these change over the annual cycle, to determine what factors affect the haulout behaviour of tagged seals and to explore the potential of deriving a correction factor to apply in haul-out counts of seals to estimate the total number of seals in the study area. The resulting information will contribute valuable information to the timing and planning of national harbour seal population assessment surveys and provide a methodology framework to potentially improve the accuracy of the population estimates for this protected species in Ireland.
Quantification of time spent ashore by marine vertebrates can prove to be a difficult, expensive and labour-intensive task. We tested a novel telemetry system based on global systems for mobile communications (GSM) technology (McConnell et al. 2004 ) to provide detailed information on the haul-out behaviour of harbour seals in SW Ireland. The GSM telemetry system proved to be an effective means of obtaining information on the haul-out activity of the seals and of providing crude movement information. This system is less labour intensive than VHF telemetry and provides an alternative means of data acquisition offering several advantages over satellite telemetry (Cronin & McConnell 2008) . The resulting haul-out dataset is statistically challenging to interpret, and we present here a sophisticated analysis involving generalised additive models (GAM) and mixed modelling to overcome this.
MATERIALS AND METHODS
Study site. Capture of harbour seals Phoca vitulina L. and deployment of tags was attempted in the Kenmare River, Co. Kerry, in SW Ireland, in October 2004 and April 2005. Seal capture was attempted only when the group size was >10 and the water depth was < 3 m ( Fig. 1) . Capture was attempted just once at each haulout site, to minimise disturbance to the seals.
Capturing and handling procedure and tag deployment. Tagging was staggered over the interval between moults (between early October and August), as the anticipated length of attachment was approximately 4 mo (R. Sharples, Sea Mammal Research Unit, pers. comm.) . The technique employed for catching seals was similar to that described by Jeffries (1993) . Two custom-made nets of the following dimensions were used: 60 m long × 3 m deep, 18 meshes on the gable end and 5.5 meshes per metre on the headline, an 8 mm float line with 70 mm long floats of 50 mm circumference spaced 270 mm apart and a lead-weighted sink line. Net deployment was carried out at speed from 2 rigid inflatable boats (RIBs), which approached the haul-out site from opposite sides and aimed to deploy the net around and as close to the haul-out site as possible. Seals entered into the water as soon as deployment commenced, and the nets formed a barrier in which they were entangled or trapped. Hoop nets, consisting of a 1 m diameter hoop made of 20 mm plastic hosing and a funnel net of 10 mm mesh attached, were used to assist in getting the captured animals into the boats. Captured seals were brought ashore, weighed suspended in the hoop net with a Salter scale (0 to 100 kg) and anaesthetised using 0.05 ml of Zoletil per 10 kg delivered intravenously. If intravenous administration of the anaesthetic proved difficult, an intra-muscular dose of 0.1 ml of Zoletil per 10 kg was delivered instead to minimise stress to the animal. The entire handling and tagging procedure took no longer than 30 min. Seal handling and tagging procedures were carried out under the National Parks & Wildlife Service Licence Number C18/2005. The tag was attached at the base of the skull and secured in place using fast-setting epoxy resin (Fedak et al. 1983) . The positioning of the tag minimised drag effects when diving (Wilson et al. 1986 ). The tag weighed approximately 210 g, less than the maximum recommended tag weight of 5% of animal mass (Cuthill 1991) , and was shed when the seals underwent their annual moult. Previous telemetry studies using slightly larger tags reported no observable effects on the behaviour of tagged harbour seals (Thompson et al. 1989) .
Tag operation. The tag is based on GSM mobile phone technology and was provided by the Sea Mammal Research Unit, St. Andrews University, Scotland. Details of the hardware and controlling software design can be found in McConnell et al. (2004) . A wet/dry sensor in the tag is interrogated every 2.3 s. A haul-out event is considered to start when the tag is continuously dry for 10 min and to end when it is continuously wet for 40 s. The start and end times of the haul-out event, as well as a unique incremental number, are appended to a 160-character-long buffer. When the buffer is full, a short message service (SMS), also known as a text message, is created and stored in the SIM card. Every 4 h the tag 'wakes' from sleep mode, waits until it is dry and then attempts to send all unsent text messages.
Information relay and interpretation. Successful registration requires that the phone tag be within radio contact of a GSM radio cell. The maximum theoretical range is 35 km, but it is often less than this as a result of obstruction of line of sight or radio interference (McConnell et al. 2004) . It is not a prerequisite that the tagged animal remains in the GSM coastal corridor of coverage. However, tagged seals must return at some stage to this area in order to connect to the network and subsequently relay stored information.
The sequential number system allocated to haul-out events enabled the identification of lost haul-out records. This happened infrequently, when messages were dropped as a result of the tag failing to send a text message. It is important to identify these lost records, as failure to do so would overestimate at-sea duration. Haul-out 'status' of each tagged seal was determined hourly and was coded as: 0 = seal in water, 1 = seal hauled out, or -1 = unknown.
Statistical modelling. The probability of a tagged seal hauling out was modelled as a function of explanatory variables (or covariates) using GAM. A GAM with a binomial distribution and logistic link function was used to model the response variable, i.e. haul-out status, as a function of the covariates tidal state, tidal level and time of day and month. Tidal data (tide level, time, speed, direction) for the tagging period at the study site were obtained from the tide prediction software Polpred V.2 (Proudman Oceanographic Laboratory). An hourly tidal 'state' value (-6 to + 6) and tidal level (m) were assigned to each hour on both the ebb and flood tides.
We defined p s as the probability that a particular seal is hauling out at time s (expressed in hours). A binomial GAM was used to model p s as a function of the abovementioned covariates. Because the hauling-out status is a time series of ones (hauling out) and zeros (not hauling out), we used a model to identify the short-term variation from the long-term variation, such that:
Decomposing time series into short-term and longterm variation is quite common in the literature on time series analysis, see for example Harvey (1989) , who developed methods of identifying daily cycles, monthly cycles and long-term trends. Other examples of methods of decomposing time series into seasonal and trend components can be found in Findley et al. (1998) and Makridakis et al. (1998) , among many others. Within the context of GAM, Wood (2006) gives an example of how to identify daily variation and longterm trends, which we will follow here.
With short-term variation, we mean daily changes in probabilities of hauling out, and these may be due to the tide, daylight, etc. Long-term variation is anything that is not short-term variation (and vice versa) . A possible starting model is:
The term f(tide) is a smoother for the tidal height and models the short-term variation, whereas f(hour) is a smoother for hour (the time expressed in hours since the start of the experiment) and is the long-term trend. When fitting this model, we noticed that there were clear residual patterns, indicating that further extensions were needed. To model different hauling-out behaviours during the rising and falling parts of the 2 daily tides, the following categorical variable T s with 4 levels was created:
Interaction terms between the various tidal periods and smoothers were added to the model:
The notation f(tide):T s means that a smoother is applied to the data of each of the 4 periods, and this models seals behaving differently between these 4 periods. The some holds for the term f(hour):T s ; it allows for different long-term behaviour during the 4 periods. Note that this is not an interaction term as we know it from linear regression, there is no need to include the main terms, and this avoids including both tide and T s as main terms (since these are collinear). We noted that the model in Eq. (2) still contained short-term (daily) residual patterns, and we therefore added an extra covariate to model daily variation:
The term function(time of day) can be implemented in different ways, e.g. with a smoothing function f(time of day), where time of day is expressed in hours from 0 to 23, or with parametric sine and cosine terms using cos[2 × π × (time of day)/23] and sin[2 × π × (time of day)/23]. Both approaches gave similar results, and because the parametric sine and cosine terms took less computing time, we used these. The ecological interpretation of the time of day effect is behaviour other than that driven by the tides, e.g. daylight effects. For longer time series, an interaction term between month and time of day may be considered. This was not done here. We also included month in the long-term component (as a categorical variable) to discriminate between seasonal variation and trends.
The variables in the short-and long-term components are collinear, but, provided the time series are long enough, it is possible to discriminate between them. For very short time series (several days), hour and tide represent similar ecological information, and, in such cases, a long-term trend cannot be extracted. It is important to avoid collinear variables in the same term, e.g. tidal height and tidal state. We considered replacing f(tide) by f(tidal state), but initial analyses suggested use of the first covariate.
Cross-validation was applied to determine the optimal degrees of freedom for each smoother. Once the optimal degrees of freedom were determined Pearson and deviance residuals were plotted against the original explanatory variables. An assumption in the GAM is that the response data are independent, but, as the observations are made sequentially over time and the probability of hauling out at time s is likely to depend on that at time s -1, the independence assumption is violated. In the presence of auto-correlation, p-values of smoothers can be seriously inflated (Ostrom 1990) . Adding a correlation structure on the data, such as an auto-regressive error structure allowing for autocorrelation between the residuals of sequential hours, is a means of dealing with this inaccuracy (Wood 2006 , Zuur et al. 2007 . Generalised additive mixed modelling (GAMM) can be used when the data have a hierarchical or nested structure or include longitudinal or spatial elements. It was not possible to add the auto-regressive error structure in the GAMM function due to the long length of the time series of data that resulted from Tags 4, 5, 6, 7, 11 and 20 (see Table 1 ) and the lack of computer memory. Instead of incorporating a temporal correlation structure within the GAM model to get more reliable results, an alternative is to use the following bootstrap approach to calculate confidence intervals (Davidson & Hinkley 1997) .
Bootstrap variance estimation. The following steps were carried out: (1) the optimal GAM model (in terms of degrees of freedom and explanatory variables) was determined using ordinary model selection techniques (cross-validation and Akaike's information criterion), and fitted values and residuals were obtained; (2) the time series of the Pearson residuals was divided into blocks of M days; (3) the residuals between blocks were permutated; (4) the permutated residuals were added to the fitted values in Step 1, and new data were obtained by rounding to 0 or 1; (5) a GAM was applied to the new data obtained in Step 4 using, for each smoother, the same degrees of freedom as in Step 1; (6) Steps 2 to 5 were repeated 1000 times; and (7) the 95% quartile confidence intervals were obtained by sorting the 1000 bootstrapped values at each point and using observations 25 and 975. In
Step 2, the length of blocks was determined in a way to insure that the auto-correlation within a block was captured, but points beyond this length were not auto-correlated. Based on the estimated auto-correlation function, blocks of length M = 2 or M = 3 d were used depending on the tag. The use of the same degrees of freedom as in Step 5 was motivated by computing time. Allowing the GAM algorithm to determine the optimal degrees of freedom in each bootstrap drastically increases computing time.
The importance of each covariate was assessed in a second bootstrap procedure, using a similar approach. Effects of a particular covariate were based on deviance of models that included and did not include the covariate. Difference in deviance was calculated for the original data and for each bootstrapped dataset. The data were permutated, the deviance was calculated, and the process was repeated 1000 times. The difference in deviances between the full model and the null model divided by 1001 represented the p-value for the omitted explanatory variable. The entire bootstrapping approach was carried out for each covariate in turn. A more detailed description can be found in Algorithm 7.4 by Davidson & Hinkley (1997) .
All statistical analyses were carried out using R. The gam function from the mgcv package (Wood 2006 ) was used. The length of the data from Seals 2, 3, 9 and 10 was short enough to successfully apply the gamm function in the mgcv library of R, with an auto-regressive error structure. A search for the optimal GAM model was carried out for Seals 4, 5, 6, 7, 11 and 20 , and the data length was long enough to investigate the possibility of a long-term trend over the tagging period.
RESULTS
Ten harbour seals Phoca vitulina, 9 males and 1 female, were successfully captured at haul-out sites in the Kenmare River, Ireland, and tagged during October 2004 and April 2005 (Table 1) . Four of the 10 seals tagged weighed < 60 kg and were considered to be juveniles (Härkönen & Heide-Jorgensen 1990 , Lydersen & Kovacs 2005 .
Individual tags transmitted over a period of 11 to 187 d, with an average transmission duration of 75.5 d, i.e. approximately 2.5 mo ( Table 1 ). The amount of time spent ashore varied among individuals (Fig. 2) . The average length of a haul-out event was 215 min, and the longest and shortest haul-out events recorded were 1660 and 10 min, respectively (10 min being the set time programmed in the tag to constitute a haul-out event). The majority (98%) of haul-out events lasted <12 h. The longest recorded period spent at sea between haul-out events was 12 607 min, i.e. almost 9 d. This individual (Seal 6) made multiple trips to sea of durations of > 4 d. This behaviour of spending extended periods at sea was also evident in Seal 7. However, these long trips to sea represented <1% of all trips made by tagged individuals. Most periods spent at sea (91% of trips) were < 24 h, between daily haul-out events.
A distinct diurnal pattern in haul-out behaviour was evident in 6 of the tagged seals, spending more time ashore during early to mid-afternoon. Seal 5 appeared to have a preference for hauling out at night, while Seal 4 displayed a bimodal pattern, hauling out at night as well as in mid-afternoon (Fig. 2) . The tagged seals spent a higher proportion of time ashore postmoult in October, decreasing over the winter months to a minimum in February, increasing until April and remaining relatively constant through the proceeding months until July. The mean proportion of time spent 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 Tag 6  Tag 7 Time (GMT) Time (GMT) Fig. 2 . Phoca vitulina. Haul-out records from tagged seals over the tagging period: Seals 2 to 7 (this page) and Seals 9, 10, 11 and 20 (facing page). Blue lines: haul-out periods; red lines: periods when the seals were known to be not hauled out; white space: periods for which no information is available hauled out monthly ranged from 11 to 25% of the total time hauled out, with the minimum recorded in February and the maximum in October.
Model outputs and validation
An initial analysis was carried out to validate the modelling approach using the data from Seal 4, as it was one of the longest data records. The haul-out response of Seal 4 was modelled as described above, and the model is given by:
To simplify notation, the sine and cosine terms are labelled Z 1 and Z 2 , respectively, such that:
The residuals obtained by this model still showed an auto-correlated structure, which came mainly from the Tidal Period 1 residuals. These results suggested that some processes that were in place for this timeframe were not explained well within the current model. Bootstrapping techniques were therefore applied to assess the significance of the smoothers.
Modelling the effects of time elapsed since deployment (hour) on the haul-out status of Seal 4 revealed various patterns: (1) a tidal pattern, i.e. a high probability of the seal being at sea during the first or second daily rising tide, but never during both; (2) a longer 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00 Tag 11  Tag 20 Time (GMT) Time (GMT) term tidal pattern, i.e. a higher probability of the seal being at sea on the first rising tide, for approximately the first 1500 h of the deployment, and on the second rising tide from then onwards; and (3) a pattern with lunar periodicity, i.e. the highest probability of being at sea just after the full moon each month, and on the first rising tide, and the highest probability of being hauled out also just after the full moon, but on the second rising tide (Fig. 3) .
The optimal GAMs for data from Tags 5, 6, 7, 11 and 20 were variations on the optimal model for Tag 4. The variations in the optimal model were associated with the nominal variable T s . For some tags, a tidal level and/or hour smoother combining some or all of the 4 tidal periods constituted the best model. A long-term cyclic pattern similar to that seen for Seal 4 was evident in the other seals tagged over the autumn/winter months (Seals 5 and 6), and a possible lunar influence on the long-term haul-out behaviour is suggested by the highest probabilities of being either at sea or hauled out after a full moon. A similar pattern was apparent in Seal 20, but not in the other seals tagged over the spring/summer period. Overall there appears to be large variation in long-term haul-out patterns (1) between individuals, (2) between tidal periods for each individual and (3) over the tagging period.
The bootstrapped smoothing functions describing the partial effect of level on haul-out behaviour suggested that all tagged seals had a higher probability of hauling out at low tide, and the probability decreased with rising tide (e.g. Fig. 4 for Seal 4; not shown for other individuals). Bootstrapped data confirmed differences in the long-term patterns between autumn/winter and spring/summer.
There was a significant effect of tidal level on the short-term haul-out behaviour of all 10 seals; in the 6 seals with longer tagging records, this was true for all 4 tidal periods (p < 0.001 to p < 0.01; Tables 2 & 3) . A significant change in haul-out patterns over the tagging period and for particular tidal periods was evident in some seals. For instance, Seals 4 and 6 showed significant change in their haul-out pattern over the tagging period during tidal periods other than the second falling and rising tides, respectively. A significant change in the haul-out behaviour of tagged seals between months was apparent in only 1 of 5 seals 2000 3000 4000 5000 5500 6000 6500 7000 7500 5500 6000 6500 4600 4800 5000 5200 5400 5600 5800 6000
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Time elapsed since deployment (h) (Table 3 ). The time of day had a significant effect on the short-term haul-out behaviour of all seals (p < 0.001 to p < 0.05) apart from Seals 4 and 7. There were no obvious patterns in the auto-correlation function of the Pearson's residuals, indicating that the first-order auto regressive process structure in the GAMM dealt with the auto-correlation problem.
DISCUSSION

Effects of time of day and tidal cycle on haul-out behaviour
A significant tidal influence on the haul-out behaviour of tagged harbour seals Phoca vitulina was evident throughout the present study, with tagged seals hauled out more frequently at low tide. Haul-out sites in the study area are generally tidally influenced rocky skerries, with haul-out habitat submerged at high tide. Time of day had a significant influence on the haul-out behaviour of most tagged seals, although the daily haul-out pattern varied among individuals. A distinct diurnal pattern in haul-out behaviour was evident from 6 of the tagged seals, spending more time ashore during early to mid-afternoon. Overall, tagged seals spent more time ashore during the day than at night, possibly returning to the water to feed at night when foraging may be more profitable, as has been suggested for other species, e.g. fur seals Arctocephalus gazella (Croxall et al. 1985) . Similar haul-out patterns have been observed in other studies of harbour seal haul-out behaviour (Boulva & McLaren 1979 , Thompson et al. 1989 , Thompson & Miller 1990 , Watts 1993 . The 2 seals that showed no distinct diurnal patterns in haul-out behaviour in the present study were the only adult males tagged prior to and during the breeding season. It is possible that these animals were breeding and spending more time in the water, increasing their chances of intercepting females (Van Parijs et al. 1997 , 2000 . As these animals were tagged in late April, it is not possible to say if this was a matingrelated shift in haul-out behaviour or whether these animals consistently displayed this haul-out behaviour.
Seasonal changes in haul-out behaviour
The haul-out behaviour of tagged seals in the present study varied over the tagging period, with maxi- mum time spent ashore post-moult in October, decreasing over the winter months to a minimum in February. Changes in the haul-out behaviour of the tagged seals are reflected in the seasonal change in abundance of seals at haul-out sites in the study area (M. Cronin, Coastal & Marine Resources Centre, unpubl. data) . Absence from the haul-out sites during winter may suggest an increase in foraging effort or relocation to more offshore foraging areas, corresponding to longer at-sea durations. Previous studies have shown that body condition in harbour seals is highest in winter (Drescher 1979 , Pitcher 1986 ). Winter activity patterns of harbour seals tagged in Scotland and Alaska suggest that they spend less time in inshore waters at this time of the year (Thompson et al. 1989 , Rehberg & Small 2001 , Sharples 2005 .
Potential lunar pattern in haul-out behaviour
There were cyclic patterns apparent in the haul-out behaviour of the seals tagged over the autumn/winter period and a potential lunar influence on the seals' activity. This was shown by a predilection of going to sea just after the full moon each month. Predators at higher trophic levels may modify their behaviour to optimize the exploitation of vertically migrating prey (Hays 2003) , indeed nocturnal feeding has been reported in harbour seals and it has been suggested that seals feed nocturnally in response to changes in the vertical distribution or schooling behaviour of their prey (Croxall et al. 1985 , Thompson et al. 1989 The expression function(full moon s ) models the effect of full moon on hauling out probabilities. One option is to define a new covariate as 'number of days since, or to, the nearest full moon'. Alternatively, we can use 'number of hours since, or to, the nearest full moon'. This covariate can then be used as a parametric covariate, or even as a smoother. The problem is that number of days to full moon will be collinear with hours, as, for most seals, the length of the time series only covers 3 or 4 full moons. Hence, all that we can do for the moment is to plot the long-term trends and superimpose the full moon on it, and wait until longer time series become available.
The haul-out behaviour of the adult seals tagged in the latter part of the tagging period, i.e. during the spring and early summer, do not show the clear cyclic patterns in behaviour shown by seals tagged in autumn. The juvenile female, however, showed a cyclic pattern in haul-out activity from mid-May to mid-June, when the tag stopped transmitting. The patterns observed may be due to changes in their haul-out behaviour associated with breeding season. Male adult harbour seals have been shown to spend more time at sea during summer (Härkönen et al. 1999) and to restrict their range to areas where they are most likely to intercept females (Van Parijs et al. 1997 , 2000 , Reder et al. 2003 . It is suggested that in the months following the annual moult, harbour seal haulout behaviour may be predominantly influenced by foraging activity and/or foraging location and that this foraging activity could be influenced by lunar cycles. Later in the annual cycle, haul-out patterns are influenced more by breeding-related behaviour, possibly explaining the observed differences in the potential influence of the lunar cycle on behaviour.
A possible lunar influence on the hauling-out behaviour of the Pacific harbour seal Phoca vitulina richardii has been reported by Watts (1993) based on changes in attendance of seals at haul-out sites and by using telemetry and statistical modelling that identified a periodicity in haul-out behaviour coinciding with the lunar tidal cycle. The haul-out data modelled were from the period of mid-August to midSeptember only, so a monthly cyclic pattern, if present, was not identified. The present study is the first to establish possible lunar patterns in the haul-out behaviour of individual seals and to identify individual differences in behavioural patterns between tidal periods; the advances in statistical modelling techniques have enabled us to identify such details. Differentiating between tidal periods accounted for the fact that a particular tidal level will differ between periods, presenting different environmental and ecological parameters, such as current speed and direction, daylight and food availability.
We suggest that the potential lunar effect on the haul-out behaviour of seals observed in the present study warrants further investigation. Modelling data on the haul-out behaviour of harbour seals has primarily been carried out to correct count data and has, thus, focused on discrete periods of time during the seals' annual cycle. The approach described in the present study could be used on existing and future data on the haul-out behaviour of individual harbour seals across their geographical range, in order to determine if the patterns in behaviour observed in the present study are common phenomena and to identify any potential demographical or geographical variation.
Population assessment/conservation implications
The data resulting from the present study show large variations in the haul-out behaviour between individual seals. Moreover, this study is the first to demonstrate variability in the haul-out behaviour of harbour seals between different tidal periods. This has implications for using information on the behaviour of tagged individuals to derive correction factors for count data and, therefore, has important implications for population assessment for conservation purposes across the species' entire geographical range. The proportion of tagged seals hauled out during actual counts or during 'ideal conditions' has been used to derive correction factors for count data , Huber et al. 2001 . Another means of deriving correction factors is to model telemetry-derived haul-out data and determine the probability of haulout under survey conditions. However, identifying an optimal model for the haul-out behaviour of a small sample of tagged seals as a function of covariates, using mixed modelling techniques and treating tag as a random factor, is only applicable if all seals behave with random variations around the main pattern. Thompson et al. (1998) showed that the proportion of time spent at sea, trip duration and foraging range of harbour seals were all positively related to body size and suggest that both environmental and endogenous factors shape the foraging characteristics of individuals. If the reason for the variation in haul-out behaviour between individuals were established (e.g. demographical, seasonal and/or geographical), this could be accounted for in a random effects model, and haul-out probabilities under 'ideal' conditions or during surveys could be estimated, providing a means for correcting count data. Increasing the sample size of tagged seals, with a more balanced age and sex ratio, targeting a more diverse range of haul-out sites and including as many covariates as possible, such as age and sex, in the analysis would help achieve this.
Overall, the present study provided information, heretofore unavailable, on the haul-out behaviour of harbour seals on Irish shores and an understanding of the factors influencing this behaviour that can be taken into account during the planning of subsequent population assessment surveys. The detailed analysis of the haul-out dataset was possible with the application of advanced statistical modelling techniques and identified some interesting patterns in the seals' behaviour that warrant further investigation. Moreover, they indicate that caution should be taken in using correction factors based on the behaviour of a small number of individuals, as has previously been done. The statistical approach described could be applied to similar data from other aquatic vertebrates. The technology employed to gather the haul-out data had not been used in this context prior to our study and proved to be an effective tool for acquiring this hard-to-get data. With the ever-expanding global GSM network coverage, the system has significant potential applications in behavioural studies on other protected or endangered vertebrates. 
